This paper describes the development of a novel onsite sanitation system based on vermifiltration, the 'Tiger Toilet'. Initial laboratory experiments demonstrated that feed distribution was not required, a worm density of 2 kg/m 2 could be used, worms preferred wetter environments, and system configuration did not affect effluent quality. Installing the first prototype in the UK proved that the process functioned when scaled, i.e., chemical oxygen demand and thermotolerant coliform reduction were found to be comparable with the laboratory results. Ten prototypes were then tested by households in rural India; all were working well after six months. The vermifilters were processing the amount of faeces entering the system on a daily basis, so faeces was not accumulating. It was estimated that they would require emptying after approximately five years, based on the depth of the vermicompost generated. With further development, it is believed that the Tiger Toilet has the potential to become a superior form of onsite sanitation, when compared with traditional onsite sanitation technologies.
The bedding material used in all vermifilters was a volumetric mixture of 33.3% coir, 33.3% woodchip and 33.3% vermicompost, and the drainage layer material was as used previously (Furlong et al. ) . Human faeces were harvested and the vermifilters were fed as in Furlong et al. () with the amount specified in Table 1 . The exception was V4 where it was spread across the surface to assess feed dispersion. This experiment was split into four phases with different feeding regimes (Table 1) . A resting phase was incorporated due to a lack of feed and staff over a holiday period.
Experiment 2 was a continuation of Experiment 1, the modular boxes being rearranged to the configuration in Furlong et al. () , and the effect of hydraulic loading was assessed (Table 1) . Each vermifilter was fed the same amount, but this amount varied daily.
CAT prototype
A full-scale prototype was based at the Centre for Alternative Technology (CAT) in Wales. It was a cylindrical tank with a diameter of 1.2 m and a height of 1.2 m. Internally there was a 65 cm deep drainage layer (material as in Furlong et al. ), and on top of this was a 10 cm bedding layer (as in the laboratory experiments), which was contained by metal mesh. At the bottom there was a tap, so effluent samples could be taken. The prototype vermifilter had an insulated lid and was temperature controlled at 20 W C by a heating blanket (to simulate a warmer climate).
The vermifilter was plumbed to a pour-flush system (two litres per flush) and ten users were designated to use the system. Samples for influent and effluent were taken approximately weekly.
All vermifilters were monitored weekly using structured observations, then five representative vermifilters were monitored monthly. Influent samples were taken monthly by blocking the outlet of the inspection chamber for 24 hours.
The sample was then homogenised. Monthly effluent samples were collected via the perforated sample pipe (1.10 m × 10 cm diameter), open at both ends. A collection vessel was placed at the bottom of the pipe to block infiltration into the ground for 1 week. The effluent sample was allowed to settle before the supernatant was decanted for analysis due to vermicompost being washed into the sample pipe. This ensured the samples collected were representative of the effluent which was being infiltrated into the soil.
Methods of analysis
In the laboratory experiments, wet mass measurements and calculations were performed as previously ( Statistical analysis of results was carried out using SPSS 12.0.1. One-way ANOVA was used to compare multiple data sets using the post-hoc Tukey test. The null hypothesis of these tests was accepted if p 0.05.
RESULTS AND DISCUSSION
The process from laboratory to field took approximately three years.
Laboratory experiment 1
The total reduction in wet mass of faeces achieved over the course of Experiment 1 (cumulative faecal reduction) was 84-88% (Table 2 ). No significant difference was found in faecal reduction across the vermifilters. No effect of distributing the waste across the surface of the vermifilter was found, so a dispersal system is not required.
The weekly faecal mass reduction in V4 (worm density of 2 kg/m 2 ) was compared to that from a vermifilter containing 
Laboratory experiment 2
No significant difference in effluent quality or the processing of faeces was found across the vermifilters. This suggests that the worms are able to process faeces under both wet and dry conditions. Mass reduction under drier conditions may include the effects of drying of faecal material as well as processing by the worms. When the vermifilters were decommissioned, the vermicompost produced ranged from 1.9 to 3.9 kg ( Table 1 ). The lowest production was in V4 which supports this interpretation. V4 contained more flies, the surface of the faeces was covered in fungus and it smelt anaerobic. The worm densities at the end of this experiment can be seen in Table 1 . Higher final worm densities were associated with higher hydraulic loading, supporting the theory that E. fetida prefer wetter environments (Furlong et al. ).
CAT prototype
From Table 2 it can be seen that the reduction in COD and TTC was comparable with the laboratory experiments.
During the 210 days of monitoring, the system was found to work well, with no visible faecal overloading of the vermifilter. The system was designed for ten users, which was found to equate to two visits for urination only and three for urination and defecation per day, so it could be said that the system was underused.
Indian field trials
It was estimated that during six months 216 kg of faecal matter The reduction of COD and TTC was lower in the Indian prototypes compared to the CAT prototype (Table 2 ). This was due to lower levels in the influent of the vermifilters in India (Table 2) . When this was explored it was found that up to 15 litres of water was being used per person per day to flush the systems in India compared to only five litres used per person per day at CAT. A comparison of the effluent COD and TTC reveals in absolute terms the effluent quality from the Indian vermifilters is higher than for the CAT prototype (Table 2) .
CONCLUSIONS
This paper describes the journey of developing a vermifilter as a form of onsite sanitation from laboratory experiment through to field trials. The laboratory experiments honed critical design criteria which were then incorporated into the first full-scale prototype. As this functioned as expected, the process advanced to field trials in rural Indian households. This study shows that the Tiger Toilets (vermifilter paired with a pour-flush toilet pan and superstructure) have been operating successfully in real-life situations for six months. The Tiger Toilet has the potential to be superior to conventional technology as it provides users with the aspirational benefits of a septic tank, a smaller footprint and better treatment of waste. Due to the characteristics of the by-product (vermicompost) and where it is deposited in the system, many of the problems associated with emptying traditional onsite sanitation systems are also overcome.
